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Abstract
A study was carried out to determine the adaptability of improved cassava varieties in various locations in the 
eastern part of Kwara State, Nigeria. Four improved cassava varieties and one local variety were investigated in 
the University of Ilorin (Unilorin) farm and at the Offa area of Kwara State. Physico-chemical properties were 
used to calculate soil suitability index using Multi-Criteria Analysis (MCA). Soil suitability and productivity 
index were interpolated over the Eastern part of Kwara State using a kriging method in SUFER 8.01, GIS 
software. The results showed that whereas Unilorin had better physical soil properties, the Offa area, on the 
other hand, showed better chemical soil properties. Soil suitability for cassava production was better in Offa 
(57.2%) than in Unilorin (37.6%). The spatial analysis showed increasing soil suitability from the northern to 
the southern regions with the highest suitability in Oyun, Offa and Irepodun districts. The improved cassava 
varieties produced an average yield of 19-20 tons/ha compared to 5.3-6.5 tons/ha of the local variety. The 
spatial analysis showed decreasing cassava productivity from the western to the eastern regions with the 
highest productivity in the Asa, Oyun, Offa and Ilorin districts. It is recommended that the cultivation of 
these improved cassava varieties be accompanied with good soil fertility management practices like organic 
fertilizer application combined with inorganic fertilizer microdosing technology in the Eastern Districts of the 
Kwara State, especially at Moro, Edu, Ifelodun and Isin districts.
Introduction
Agriculture is key to achieving the sustainable 
development goals (SDGs) 1 (to end extreme 
poverty in all forms) and 2 (to end hunger, 
achieve food security and improved nutrition 
and promote sustainable agriculture) (UNDP, 
2015). Food insecurity can be eradicated 
by sustainable agricultural practices and 
precision farming. This means that crops and 
soils irrespective of climatic variations should 
be provided with favourable conditions 
for optimum health and productivity. This 
optimum condition has been defined by 
Troeh et al. (2003) as agricultural systems 
adapted to a particular area so that plant and 
animal products do not decline over time 
but remain reasonably stable irrespective of 
change in climate. Although Nigeria produces 
large quantities of petroleum, it suffers food 
insecurity like many other African countries. 
Plant breeding and crop improvement 
constitute efficient ways of combating food 
insecurity. Soil scientists, on the other hand, 
provide information on suitable areas for 
optimum crop production. Moreover, using 
improved crop varieties has been identified 
as one of the Climate Smart Agriculture 
(CSA) practices with high potential to achieve 
the “Zero Hunger’’ objective in the world 
(Kpadonou et al., 2019a; FAO 2013). Cassava 
(Manihot esculenta) has many benefits such 
as providing income to smallholder farmers, 
serves as famine reserve crop, source of 
industrial raw materials for the production 
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of starch, plywood, alcohol, and animal feed. 
The leaves and shoots, which are relatively 
high in protein, are often eaten in Asian and 
African countries (Dixon et al., 2003). Dorosh 
et al. (2007) and PIND (2011) reported that 
cassava is a vital and staple crop for food 
security and poverty reduction in Africa and 
Asia. They further reported that cassava 
provides over 15% of daily calorie intake in 
Africa. However, cassava production, despite 
all the technical and financial efforts, has not 
yet met the demand across the continent (Ande 
et al., 2011). In Nigeria, Amao and Awoyemi 
(2008) attributed the low level of adoption of 
improved cassava varieties at farm scale to 
the fact that farmers are generally unaware 
of their availability and the recommended 
conditions under which they should be 
cultivated. The problem can be addressed by 
using technologies of Geographic Information 
System (GIS) to identify suitable local areas 
for cassava production. Acton and Gregorich 
(1995) pointed out that soil quality assessment 
is important in determining sustainability of 
land management systems.
Several studies have analysed the suitability 
of Nigerian soils for the cultivation of various 
crops. Joshua et al. (2013) applied a GIS and 
a multi-criteria decision analysis (MCDA) 
to identify suitable areas for agricultural 
production irrespective of crop type in the 
Greater Karu Urban Area, Nasarawa State. 
These authors concluded that suitability varies 
from moderate to high across the area studied. 
Maniyunda and Gwari (2014) studied maize 
and groundnut in the sub-humid environment 
of Nigeria and concluded that none of the 
Haplustalfs they evaluated was highly 
suitable for cultivation of these crops. Similar 
conclusions were made by Ahukaemere 
et al. (2015) on the same crops in Owerri, 
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Southeastern Nigeria. Abegunde et al. (2015) 
found low to medium soil suitability levels for 
maize production in the Oyo State. Similar 
conclusions were arrived at for oil palm 
and plantain production in the Etung local 
Government area by Ajiboye and Olaniyan 
(2016). However, few soil suitability studies 
have focused on cassava in Nigeria (Ande et 
al., 2011; Gbadegesin et al., 2011; Oniya et al., 
2013; Abua, 2015) and none in Kwara State. 
Therefore, this study aimed to evaluate soil 
suitability levels for the production of selected 
improved cassava varieties in the Kwara State 
using GIS and multi-criteria analysis. The 
specific objectives were to:
(i) Determine variability of physico-chemical 
properties of soils in the study areas
(ii) Evaluate soil suitability and cassava 
productivity levels in the study areas
(iii) Identify agro-climatic zones suitable for 
cultivation of improved cassava varieties 
Materials and methods
Description of the study sites 
The study was carried out in the Southern 
Guinea Savannah zone of Ilorin, Kwara 
State, Nigeria. The field experiments were 
conducted at two sites (Fig.1). One site (8o 
27' 21'' N and 4o 39' 33'' E) was located at 
the University of Ilorin (Unilorin), Teaching 
and Research Farm, about 8 km east of the 
Ilorin Township. The second study site was 
located at Offa (8o 12' 14" N and 4o 42' 36" E) 
along the Oshogbo Ikirun road. The Federal 
Bureau of Statistics, Nigeria (2011) estimated 
the population of both Ilorin and Offa to be 
between 1.11 and 1.50 million people. The 
average annual rainfall of Ilorin during 1980-
2015 was about 1200-1500 mm with average 
minimal temperature of 21 oC and maximum 
temperature of 35 oC (Olubanjo, 2019). The 
soils of Ilorin are predominantly derived from 
ferruginous and crystalline acidic rocks and 
are predominantly Alfisols (Olaniyan, 2001). 
The soils are dominated with kaolinite, oxides 
and hydroxides of aluminium and iron.
Data collection and research field 
management
Experimental field design and management 
The planting materials were stem cuttings 
(manivas), each 0.15 m long and with five 
viable buds. All the cuttings planted were 
healthy and looked viable. For optimum 
density, a planting distance of 1 m x 0.75 m was 
used to achieve about 14,000 to 15,000 plants 
per hectare per variety, because the improved 
varieties were mostly non-branching types 
of cassava. Flat to gently sloping fields were 
used for the study at the two sites. At each site, 
a rectangular layout was used, and the rows 
were in the east-west direction for efficient 
use of light for photosynthesis. The ridges had 
a spacing of 1 m between their tops to promote 
deep rooting. 
Field experiments were carried out after 
land preparation which involved removal of 
stubbles and debris and tractor ploughing with 
ridges of 20-30 cm deep. Cassava varieties 
(four improved and one local) were planted 
on 15th July 2015 and harvested in April 
2016. The cumulative rainfall amount during 
the period of the experiment was about 1600 
mm and the mean temperature was 26 oC. 
September 2015 was the wettest month when 
about 600 mm rainfall was recorded (Fig. 2). 
At each study site, each cassava variety was 
planted on two hectares (2 ha), monitored by 
the farmers, to serve as demonstration fields 
for the West Africa Agricultural Productivity 
Programme (WAAPP). An experimental unit 
of size 25 m x 25 m was delineated in each 
hectare at each site for data collection. Thus, 
each site had two of such experimental units. 
Figure 3 gives an overview of the experimental 
framework.
The four improved varieties used in the 
study were Tropical Manihot System (TMS) 
419, 623, 326 and 1632. These varieties 
were developed and distributed by the 
Agricultural Research Council of Nigeria 
(ARCN) and the West Africa Agricultural 
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Fig 1. Studied Areas
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Productivity Programme (WAAPP) under 
the World Bank Project for West African 
Countries for Sustainable Agriculture and 
Poverty Alleviation. The improved varieties 
are resistant to stress (i.e. they withstand low 
rainfall and are resilient to climatic stress). 
They are also known to grow tall with good 
yields when properly managed from the 
beginning such as removing excess branches. 
The local variety, called “Oko iyawo” reported 
to be the best among local varieties, was 
obtained from farmers.
Weeding was done three times before 
harvesting. A pre-emergence herbicide 
(atrazine) was applied as an initial weed 
control within 2-3 days after planting while 
glyphosate (round up and force up) was 
applied as post-emergence for the second and 
the third weed control.
Soil sampling and laboratory analysis
From each experimental unit, top soil (0-30 
cm) samples were taken from ten different 
spots and bulked together to form a composite 
sample for each 2 ha plot. The soil samples 
were put into polyethylene bags, labelled and 
transported to the laboratory and subsequently 
analyzed for chemical and physical properties. 
Fig 2. Rainfall distribution during the experiment
Fig 3. Experimental framework
(Table 1), were used by Ande et al. (2008) and 
Abua (2015) for cassava production and soil 
suitability analysis in Nigeria.
Multi-Criteria Analysis (MCA), a very 
useful tool (Carriço et al., 2014), was used to 
determine the suitability levels of each soil. 
Multi-Criteria Decision Making (MCDM) 
can be considered as a process that combines 
and transforms several information including 
geographical data called inputs into a “decision 
variable’’, called output (Drobne and Lisec, 
2009). In MCDM, each input is given a weight 
to represent its optimum importance (DCLG, 
2009; Chow and Sadler, 2010) according 
to their role in the production system (Al-
Mashreki, 2011). This mode of assigning 
weights is widely used to assess the suitability 
of technologies and practices for agricultural 
production (Diouf et al., 2014) and energy 
(Carriço et al., 2014). The method demands 
less data (Cinelli et al., 2014) and is most 
suitable for land and real estate management 
(Guarini et al., 2018). In this study, the input 
data were the physical and chemical soil 
properties analysed in the laboratory.
Soil data used as criteria in the MCA were 
compared to critical values (CV) defined by 
Howler (1996; 2002) for the optimum growth 
of cassava. The criteria (soil properties) were 
categorized into three groups and each group 
carried a point (weight) (Fig. 4) according 
to their importance in cassava production. 
The physico-chemical soil data obtained 
from laboratory analysis (Ld) were used to 
calculate the proportion (%) carried by each 
criterion relative to the mean of the critical 
They were air-dried, crushed, and passed 
through a 2 mm mesh sieve. The laboratory 
analyses were carried out at the Faculty of 
Agriculture, Central Research Laboratory, 
University of Ilorin, Nigeria. Soil pH was 
determined in a 1:2 soil/water ratio with 
glass electrode (Peech, 1965). Electrical 
Conductivity (EC) was measured with an 
EC meter in a saturated paste extracted as 
described by (Peech, 1965). Soil Organic 
Carbon (SOC) was determined by the method 
described by Walkley and Black (1934). Total 
nitrogen was determined according to the 
Kjedahl method. Available phosphorus was 
determined by using the Bray No.1 method 
(Bray and Kurtz, 1945) and read with the 
spectrophotometer. Exchangeable bases, 
calcium (Ca), magnesium (Mg), potassium 
(K) and Sodium (Na) were analyzed after 
extraction with 1 mol ammonium acetate at 
pH 7.0. Cation Exchangeable Capacity (CEC) 
was determined according to the method 
of Rhodes (1982). Particle size distribution 
was determined using the hydrometer 
method (Bouyoucos, 1962). Bulk density 
was determined by using the core method 
described by Blake and Hartge (1965). Tuber 
yield was measured per plot at the end of the 
growing season.
Data analysis and mapping
Soil suitability assessment for cassava 
production was based on physical and chemical 
soil properties compared with critical values 
required for optimum production of the crop 
(Howler, 1996; 2002). These critical values 
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TABLE 1
Critical levels of properties required for cassava production
Properties pH EC Org. C   N  P Ca Mg K Na BD*
dS m-1 g kg-1 mg kg-1 cmol kg-1 Mg m-3
CV** 4.6-7.0 2-4 20-40 1.5-2.0 10-14 1-4 0.4-1.0 0.2-0.4 0.2-0.8 1.0-1.4
*BD = Bulk Density. **CV = Critical Values
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values by using equation 1. These proportions 
were called normalized scores (NS).
The normalized scores for each criterion 
were used to calculate the weighted scores index that same i
th parameter is supposed to 
have (100%).
The productivity of the improved cassava 
varieties called Yield Increasing Index (YI) is 
the yield difference between the yield of the 
improved varieties (Yi) and that of the local 
variety (YL) which is calculated using equation 
(4). YI gives the proportion (percentage) by 
which the improved varieties would give more 
or less yields than the local variety.
Values calculated for soil suitability index 
(SSI) and productivity of the improved cassava 
(WS) (Fig. 4) following their importance in 
cassava production system using equation (2). 
For example, the parameters of Group I (pH, 
organic carbon, N, K and soil texture) carried 
the weight (W) of three over three (3/3) because 
they played a crucial role in cassava growth 
and development (Howler 2002). Moreover, 
Gbadegesin et al. (2011) and Oshunsanya et 
al. (2018) pointed out these soil properties to 
be highly correlated with cassava production 
in Nigeria.
Fig 4. Weight of criteria for the Multi-Criteria Analysis
Where Wi and NSi are the weight and the 
normalized score of the ith soil parameter 
considered. 
The WS were converted into Soil Suitability 
Index (SSI) for each plot using equation (3)
Where WSi is the suitability index of the i
th soil 
parameter and WSimax the maximal suitability 
varieties (YI), were spatially interpolated over 
the Eastern regions of Kwara State using 
kriging method with SUFER V. 8.0. Kriging 
is a geostatistical method that uses a stochastic 
approach to predict values for unvisited 
locations using information available from 
visited locations. The method conforms to 
the first law of geography which states that 
“everything is related to everything else, but 
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things that are closer to each other are more 
related than others that are distance apart” 
(Toble, 1970). Meng et al. (2013) compared 
seven GIS interpolation methods and 
concluded that the regression kriging method 
has the potential to significantly improve the 
accuracy of geo-spatial prediction. The kriging 
method, classified as an exact interpolator by 
Sajid et al. (2013), is one of the most popular 
geostatistical methods applied in many fields 
(Yang et al., 2004). The principle behind the 
method can be described using equation 5.
Where ZA is the predicted value of grid node 
A, n is the total number of observed values, Zi 
promoting good yield. The EC ranged from 
0.82 to 0.85 dS m-1 with a mean value of 0.84 
dS m-1. Organic carbon content ranged from 
0.52 to 0.55% with a mean value of 0.53% 
which was very low and could have been due 
to intensive farming activities with very little 
or no organic matter addition. The levels of 
macronutrients were also low; total nitrogen 
(N) content ranged from 0.05 to 0.07 g kg-1, 
available phosphorus (P) content from 6.01 
to 7.02 mg kg-1, and potassium (K) content 
ranged from 0.05 to 0.08 cmol kg-1. Thus, the 
soils at the Unilorin site were low in fertility. 
The levels of the other extractable bases 
were 2.19 – 2.22 cmol kg-1 for Ca, 1.25-1.27 
cmol kg-1 for Mg and 0.17 – 0.18 cmol kg-1 
for Na. Relative to the critical levels required 
for cassava production, the Ca levels were 
moderate, the Mg levels high and the Na 
levels low. Furthermore, CEC which ranged 
from 1.23 to 1.25 cmol kg-1, confirmed the 
poor fertility status of the soils. In general, the 
Unilorin soils had poor chemical properties. 
On the other hand, the Unilorin soils had 
more suitable physical properties. The texture 
of the soils (predominantly sandy loam) and 
their moderate levels of bulk density (1.05 to 
1.48 Mg m-3) would be favourable for root and 
tuber growth. 
The pH of the soils from the Offa site ranged 
from 4.80 to 6.76 with a mean of 5.81. Thus, 
apart from Plot 3, the pH of the soils from Offa 
ranged from strongly acidic to moderately 
acidic which could adversely affect soil 
productivity. The EC of the soils ranged from 
0.61 to 0.68 dS m-1 with a mean of 0.65 dS m-1. 
The organic carbon content of the soils ranged 
from 0.48 to 0.52% with a mean of 0.50%. 
The total N content of the soils ranged 
from 0.46 to 0.65 g kg-1 with a mean of 
0.56 g kg-1. The available P content of the soils 
is the observed value at location i with weight 
Wi.
In this study, a total of twenty observed values 
at different points at the two sites were used 
as input in the interpolation. There are two 
different groups of kriging options in the 
SUFER software namely point and block 
kriging. Point kriging which estimates values 
of given points at grid nodes was applied in 
this study rather than block kriging. Block 
kriging method averages the estimated values 
of rectangular blocks centered on grid nodes 
(Hengl et al., 2007). 
Results and discussion
 
Physico-chemical properties of soils 
Tables 2 and 3 show physico-chemical 
properties of the soils from the two study sites. 
At the Unilorin site, soil pH ranged from 6.71 
to 6.75 with a mean of 6.73. When soil pH is 
maintained at an optimum level, plant nutrient 
availability would be optimized, solubility 
of toxic elements minimized, and beneficial 
soil organisms would be most active thereby 
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ranged from 6.04 to 7.06 mg kg-1 with a mean 
of 6.55 mg kg-1. The levels of the exchangeable 
bases were 3.39-3.42 cmol kg-1 for Ca (mean 
of 3.39 cmol kg-1), 1.23 to 1.25 cmol kg-1 for 
Mg (mean of 1.24 cmol kg-1), 0.04 to 0.07 
cmol kg-1 for K (mean of 0.06 cmol.kg-1), and 
0.16 to 0.18 cmol kg-1 for Na (mean of 0.17 
cmol.kg-1). The CEC of the soils ranged from 
1.25 to 1.29 cmol kg-1 with a mean of 1.28 
cmol kg-1. The soils from Offa were coarse 
textured, with > 75% sand content. The high 
sand content of the soils partly explains why 
they had very low CEC. Furthermore, the soils 
could be prone to leaching of nutrients.
Soil suitability level
Although the soils from Offa were moderately 
to strongly acidic and were coarse textured 
(predominantly loamy sand), their properties 
relative to the critical values make them 
generally suitable for cassava production. 
Based on the MCA, the soils from Offa were 
more suitable (average suitability level of 
57.2%) than those from Unilorin (average 
suitability level of 37.6%) for the production 
of cassava (Table 4). The superior suitability 
levels of the soils from Offa could be due to 
their relatively more favourable chemical 
properties compared to those from Unilorin.
Spatial analysis showed a trend of increasing 
soil suitability index from the north to the 
south, i.e. soils of the north were less suitable 
TABLE 2
Properties of soils at Unilorin
Plots pH EC Org. C   N  P Ca Mg K Na CEC Sand Silt Clay BD*
dS m-1 g kg-1 mg kg-1 -----------------cmol kg-1-------------------- ---------- % --------- Mg m-3
1 6.72 0.83 0.53 0.05 6.02 2.22 1.26 0.06 0.17 1.24 69.8 4.0 26.2 1.05
2 6.75 0.85 0.52 0.06 6.04 2.21 1.27 0.08 0.18 1.25 68.8 5.0 26.2 1.42
3 6.71 0.84 0.55 0.05 6.01 2.22 1.25 0.05 0.19 1.24 73.0 3.5 23.5 1.48
4 6.74 0.84 0.54 0.07 7.02 2.21 1.26 0.06 0.18 1.23 73.0 6.4 20.6 1.34
5 6.75 0.82 0.52 0.06 6.02 2.19 1.27 0.07 0.17 1.24 72.0 4.7 23.3 1.05
TABLE 3
Properties of soils at Offa
Plots pH EC Org. C   N  P Ca Mg K Na CEC Sand Silt Clay BD*
dS m-1 g kg-1 mg kg-1 -----------------cmol kg-1-------------------- ---------- % --------- Mg m-3
1 5.87 0.86 0.63 0.84 8.03 3.40 2.30 2.04 0.18 1.27 80.8 3.0 16.2 1.31
2 5.82 0.88 0.58 0.94 8.05 3.41 3.21 2.02 0.16 1.25 82.6 7.0 10.4 1.33
3 6.76 0.85 0.59 1.02 9.00 3.39 2.32 2.00 0.17 1.28 75.4 4.0 20.6 1.20
4 4.80 0.87 0.64 0.93 10.10 3.38 2.31 2.00 0.18 1.27 78.0 3.6 18.4 1.22
5 5.79 0.86 0.64 1.01 7.96 3.40 2.31 2.03 0.17 1.29 79.9 4.9 15.2 1.19
TABLE 4
Soil suitability levels 
Plots 1 2 3 4 5 Means
Unilorin 36.5% 38.6% 37.5% 38.5% 36.9% 37.6%
Offa 56.7% 57.1% 58.6% 56.6% 57.3% 57.2%
than those in the south. Three different zones 
were observed (Fig. 5): 
(1) Areas with a relatively low (30-40%) soil 
suitability level: Northern Asa, Moro District, 
Edu District, Ilorin West, Ilorin East and the 
Northern part of Ifelodun.
(2) Areas with a moderate suitability level 
(40-50%): Southern Asa, South Illorin, a large 
part of Ifelodun and the Northern part of the 
Isin District.
(3) Areas with high soil suitability level (50-
70%): Oyun District of Offa: Irepodun and the 
Southern part of the Isin District. 
In general, the soil suitability level for cassava 
production in Kwara State was moderate with 
an average of 47.4%. This level of suitability 
was higher than the level (21.43%) reported 
by Abua (2015) in the Cross River State 
of Nigeria. The difference might be due to 
the Multi-Criteria Analysis (MCA) used in 
our study rather than the differences in soil 
properties relative to the critical values used in 
the study of Abua (2015). Obviously, all soil 
properties do not have the same influence on 
cassava production. As stated by Gbadegesin 
et al. (2011) and Oshunsanya et al. (2018), 
soil pH, organic C, N, K and bulk density are 
more correlated with high yield of cassava in 
Nigeria. These soil properties were therefore 
categorized into group I in the MCA process 
in our study and might have resulted in raising 
the suitability levels. Technically, this level 
of soil suitability cannot effectively sustain 
cassava production without good soil fertility 
management practices. A moderate soil 
suitability level had been reported also for 
cocoa production in the same area of Kwara 
State by Ibiremo et al. (2015).
Cassava yields 
For the improved varieties, a yield of 26 ton/
ha of tubers (with a mean of 20 tons/ha) was 
obtained at Unilorin while a yield of 24.5 ton/
ha (with a mean of 19 tons/ha) was obtained 
at Offa (Table 5). The local variety yielded 6.5 
ton/ha at Unilorin and 5.3 ton/ha at Offa. On 
the average, the soils from Unilorin yielded 
one ton/ha of cassava more than the soils from 
Offa. The TMS 419 variety had the highest 
yield while the local variety had the lowest 
yield at both study sites. Thus, the improved 
varieties produced much higher yields than 
the local variety as had also been reported by 
Parkes et al. (2012). 
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Fig 5. Average soil suitability levels at study sites
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Productivity index which is the yield of the 
improved cassava varieties compared to that 
of the local variety showed that the soils 
from Offa gave better results (345%) than 
the soils from Unilorin (284%). This result 
might primarily be due to the more favourable 
chemical properties of the soils at Offa. Spatial 
analysis of the productivity index showed a 
decreasing trend across the study area from 
the Western to Eastern Districts with four 
distinct zones (Fig. 6). The zones are:
(1) the Asa District, the Central part of Moro, 
the three Districts of Ilorin except the Eastern 
part of Ilorin East, the Oyun and the Offa 
Districts showed the highest productivity level 
(200-350%) i.e. the yield of the improved 
varieties in this region was triple that of the 
local variety. It would therefore be advisable 
to start the promotion of these improved 
varieties in this region.
(2) Eastern Moro, part of Eastern Ilorin, 
Ifelodun-West and Irepodun-West showed 
moderate productivity (100-200¬%) i.e. yield 
of the improved varieties was double that 
of the local variety in this region. Thus, this 
region would be suitable for production of the 
improved cassava varieties.
(3) Western Edu, Western part of Ifelodun, 
Western part of Isin and the Central part of 
Irepodun showed fairly moderate productivity 
(0-100%) i.e. the yield of the improved cassava 
varieties relative to that of the local variety 
ranged from similar levels (0%) to higher 
levels up to a maximum of 100% in this zone. 
(4) The western parts of the Moro, Ifelodun, 
Isin and Irepodun Districts showed the lowest 
productivity level (i.e. less than 0%). To 
promote the production of improved cassava 
TABLE 5
Cassava yields at study sites (tons/ha) 
Varieties                            Unilorin Offa 
TMS 419 26.0 24.5
TMS 326 25.0 24.0
TMS 623 24.0 23.5
TMS 1632 25.0 22.5
Local Variety  6.5  5.3
Fig 6. Average productivity of improved cassava varieties
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varieties in this region would require supply 
of adequate amounts of fertilizers combined 
with other soil fertility management practices. 
In general, the yield of the improved cassava 
varieties increased by 100-350% relative 
to that of the local variety across the Kwara 
State. We therefore recommend the promotion 
of these improved varieties, especially TMS 
419 for cultivation in the Kwara State.
Soil suitability index versus cassava 
productivity index 
The yield of cassava was slightly higher at 
Unilorin than at Offa (Table 5) probably due to 
more favourable soil texture for root and tuber 
development at the former site. However, 
comparing the combined effects of the other 
soil properties with the productivity index, an 
opposite trend was observed. Taking all the 
soil parameters into consideration, the soils at 
Offa were more suitable for cassava production 
(57.2%) than those at Unilorin (37.6%) (Table 
4). Consequently, the productivity index was 
also better at Offa (345%) than at Unilorin 
(284%). Furthermore, the improved cassava 
varieties performed much better than the local 
variety at Offa than at Unilorin because of 
the generally more favourable soil chemical 
properties at the former site.  However, the 
soils at Offa would have to be limed and their 
organic matter content improved to achieve 
higher yield of cassava. Ande et al. (2008) 
reported that cassava produced maximally 
on light to medium textured and fertile soils. 
In addition, promotion of the production 
of the improved cassava varieties should 
be accompanied with good soil fertility 
management practices such as application of 
organic matter for instance compost, biochar, 
or cow dung (Tovihoudji et al., 2015) and 
adequate amount of requisite fertilizers (e.g. 
micro-dose fertilization technique) (Kpadonou 
et al., 2019b) among others. 
The improved cassava varieties performed 
far better than the local variety even though 
the soils (plots) received the same treatments. 
It could be concluded that the more suitable 
the soil, the better the improved varieties 
performed. 
Conclusion and Recommendations
Suitable levels of pH, organic carbon, 
nitrogen, phosphorus and CEC were critical in 
improving the production of cassava in Kwara 
state. Soil suitability generally decreased 
from the north to the south of the study area 
while the improved cassava varieties showed 
decreasing productivity from the Western to the 
Eastern Districts. The study also showed that 
the improved cassava varieties adapted well to 
the study area indicating that their production 
would be good for achieving food security. We, 
therefore, recommend the promotion of these 
improved cassava varieties for cultivation. 
However, application of organic and inorganic 
fertilizers to improve soil nutrient levels and 
correct soil deficiencies would be vital for 
the production of these improved cassava 
varieties. These soil management measures 
are needed more in the Moro, Edu, Irepodun 
and Isin districts for better response. Future 
research could further assess the suitability 
levels by considering other factors like land 
use type, soil types, climatic factors such 
as temperature, rainfall, relative humidity, 
and landform related factors such as slope, 
topography and erosivity. Another study could 
examine socio-economic conditions and 
compare suitability results with those of land 
use and land cover of the area. 
Acknowledgments
The authors are grateful to the West African 
Agricultural Productivity Program (WAAPP), 
University of Ilorin, Nigeria under a Project 
funded by the World Bank for financially 
supporting the laboratory analysis and the 
Faculty of Agriculture, University of Ilorin for 
the use of their laboratory facilities. We are 
also grateful to all the farmers at the study area 
for their invaluable efforts during the field 
work. We thank Dr. Fabienne Quennet from 
the Philipps-University Marburg (Germany) 
for her useful suggestions.
References
Abegunde L., Adedeji O., Tope-Ajayi O. 
(2015). Land Suitability Analysis for Maize 
Production in Egbeda Local Government 
Area of Oyo State Using GIS Techniques. 
International Journal of Environmental and 
Ecological Engineering, Vol:9, No:3, 2015.
Abua, M.A. (2015). Suitability assessment 
of soil for cassava production in the coastal 
and Interland areas of southern cross River 
State, Nigeria. Journal of Soil Science and 
Environmental Management. 6(5): 108-115. 
Acton, D.F. and Gregorich, L.J. (1995). 
Understanding soil health.  In:  Acton, D.F. 
and Gregorich, L.J. (eds.) The Health of our 
Soils:  Toward Sustainable Agriculture in 
Canada.  Z Centre for Land and Biological 
Resources Research, Research Branch, 
Agriculture and Agri-Food Canada, Ottawa, 
Ontario, pp.  5-10.
Ahukaemere, C.M., Ekpe I.I. and 
Unachukwu I.C. (2015). Suitability 
Evaluation of Soils Derived from 
Dissimilar Lithological Materials for 
Maize and Groundnut Production in Owerri 
Agricultural Zone, Southeastern Nigeria. 
Malaysian Journal of Soil Science, Vol. 19: 
73-82 (2015).
Ajiboye G. A. and Olaniyan J. O. (2016). 
Characteristics and suitability evaluation of 
the “white soils” of Etung local Government 
area for oil palm and plantain production. 
Agrosearch (2016) 16 No. 2: 25-40.
Al-Mashreki, M.H. (2011). GIS-based 
sensitivity analysis of multi-criteria weights 
for land suitability evaluation of sorghum 
crop in the Ibb Governorate Republic 
of Yemen. Journal of basic and applied 
scientific research, 1(9): 1102–1111.
Amao J.O. and Awoyemi T.T. (2008). 
Adoption of Improved Cassava Varieties and 
its Welfare Effect on producing Households 
in Osogbo ADP Zone of Osun State. Journal 
of Social Sciences, 2008, 5 (3):500–522.
Ande, O.T.; Adediran, J.A.; Ayoola, O.T. 
and Akinlosotu, T.A. (2008). Effect of land 
Quality management and farming systems 
on cassava production in southern-Western 
Nigeria’’. Afr, J. Biotechnol. Vol. 7 (14), pp. 
2368-2374.
Blake, G. R. and Hartge, K. H. (1965). 
Bulk density. In: Klute, A., Ed., Methods 
of Soil Analysis, Part 1—Physical and 
Mineralogical Methods, 2nd Edition, 
Agronomy Monograph 9, American Society 
of Agronomy (ASA) and Soil Science Society 
of America (SSSA), Madison, 363-382.
Bouyoucos, G.J. (1962). Hydrometer Method 
Improved for Making Particle Size Analysis 
of Soils. Agronomy Journal, 54, 464-465.
Bray, R.H. and Kurtz, L.T. (1945). 
Determination of total, organic, and 
available forms of phosphorus in soils. Soil 
Science, 59: 39-45.
Carriço N.J.G., Gonçalves F., Covas D.I.C., 
do Céu Almeida M., Alegre H. (2014). 
169                       West African Journal of Applied Ecology, vol. 28(1), 2020
Multi-criteria analysis for the selection of 
the best energy efficient option in urban 
water systems. Procedia Engineering 70: 
292 – 301.
Chow, T.F. and Sadler, R. (2010). The 
consensus of local stakeholders and outside 
experts in suitability modelling for future 
camp development. Landscape and urban 
planning, 94, 9–19.
Cinelli M., Coles S.R., Kirwan K. (2014). 
Analysis of the potentials of multi criteria 
decision analysis methods to conduct 
sustainability assessment, A review. 
Ecological Indicators 46: 138–148.
Department for Communities and Local 
Government (DCLG): London. (2009). 
Multi-criteria analysis: a manual. Eland 
House, Bressenden Place, © Crown 
copyright 2009, 168p.
Diouf, B.; Lo, H.M.; Dieye, B.; Sane, O. 
and Sarr, O.F. (2014). Climate-smart 
agriculture in Senegal, a compendium of 
good adaptation and mitigation practices. 
Published research programme on climate 
change, agriculture and food security.
Dixon, A.G.O.; Bandyopadhyay, R.; Coyne, 
D.; Ferguson, M.; Shaun, R.; Ferris. B.; 
Hanna, R.; Hughes, J.; Ingelbrecht, 
I.; Legg, J.; Mahungu, N.; Manyong, 
V.; Mowbray, D.; Neuenschwander, P.; 
Whyte, J.; Hartmann, P. and Ortiz, R. 
(2003). Cassava: From poor farmers’ prop 
to Pacesetter of African rural development. 
Chroni  Horticulture, 43(4):815.
Dorosh, P.; Dradri, S. and Haggblade, S. 
(2007). Alternative instruments for ensuring 
food security and price stability in Zambia. 
Lusaka: FRSP working paper No. 29. http://
www.aec.msu.edu/fs2/zambia/wp_29.
Drobne, S. and Lisec A. (2009). Multi-
attribute Decision Analysis in GIS: Weighted 
Linear Combination and Ordered Weighted 
Averaging. Journal of Slovenia Informatica, 
33:459–474.
Food and Agricultural Organization of 
the United Nations (FAO). (2011). Plant 
Production and Protection, Paper on Cassava 
Farming. Rome, Italy.
Food and Agriculture Organization of the 
United Nations (FAO). (2013). Climate 
Smart Agriculture source book, 570p. ISBN 
978-92-5-107720-7 (print), E-ISBN 978-92-
5-107721-4 (PDF). http://www.fao.org/3/
i3325e/i3325e.pdf
Gbadegesin, A.S.; Abua, M.A. and Ati, 
J.E. (2011). Variation in soil properties on 
cassava production in the coastal area of 
Southern cross River State, Nigeria. Journal 
of Geography and Geology, (1):94-103.  
Guarini M.R., Battisti F. and Chiovitti A. 
(2018). A Methodology for the Selection of 
Multi-Criteria Decision Analysis Methods 
in Real Estate and Land Management 
Processes. MDPI Sustainability 10, 507.
Hengl T., Heuvelink G. and Rossiter D. 
(2007). About regression-kriging: From 
equations to case studies. Computers & 
Geosciences 33 1301–1315.
Howler R.H. (1996). Diagnosis of Nutritional 
Disorders and Soil Fertility Maintenance of 
Cassava.  In:  Kurup, G.T. et al eds. Tropical 
Tuber Crops:  problems, prospects and 
future strategies, 181–93.  Oxford and IBA 
Publishing Co. prt. LTD. New Delhi.
Howler, R.H. (2002). Cassava mineral 
nutrition and fertilization. In: Hillocks, R.J., 
Thresh, J.M., Bellotti, A.   (Eds.), Cassava: 
Biology, Production and Utilization, CABI, 
Wallingford, UK, pp. 115 – 148.
Ibiremo, O. S.; Daniel, M. A.; Iremiren, 
G. O. and Fagbola, O. (2011). Soil 
Fertility Evaluation for Cocoa Production 
Ajala et al:   Soil suitability evaluation for Cassava production in Kwara State, Nigeria                                          170
in Southeastern Adamawa State, Nigeria. 
World Journal of Agricultural Sciences, 7 
(2): 218-223.
Joshua, J.K., Anyanwu, N. C. and Ahmed, 
A. J. (2013). Land suitability analysis for 
agricultural planning using GIS and multi-
criteria decision analysis approach in Greater 
Karu Urban Area, Nasarawa State, Nigeria. 
African Journal of Agricultural Science and 
Technology (AJAST) Vol. 1, Issue 1, pp. 14- 
23.
Kpadonou G.E., Akponikpe P.B.I., 
Adjogboto A., Likpete D.D., Sossa-
Vihotogbe C.N.A., Djenontin A.J. and 
Bacco M.N. (2019). What best practices 
of Climate Smart Agriculture (CSA) for 
vegetable crops production in West Africa? 
Ann. UP, Série Sci. Nat. Agron. Hors-série 
n°3, Projet Micro-Veg, Septembre 2019 : 
31-48.
Kpadonou G.E., Adjogboto A., Likpete 
D.D., Dassigli Z.P., Akponikpe P.B.I. 
and Djenontin A.J. (2019). Improving 
traditional leafy vegetables production 
through water use efficiency and fertilizer 
microdosing technology in Benin Republic. 
Acta Hortic. 1238. ISHS 2019. DOI 
10.17660/ActaHortic.2019.1238.7. Proc. 
African Vegetables Forum. Eds.: K.A. 
Taiwo, P.B.I. Akponikpe and R.E. Aluko.
Kunal, S.; Sharda, S.; Ranbir, S. R.; Aditya, 
R; Vaibhav, K. and Arun, K.  (2015). 
Application of GIS in precision agriculture. 
Proceedings of the National Seminar 
on : Precision Farming technologies for 
high Himalayas At: Precision farming 
development centre and High Mountain 
Arid Agriculture Research Insitutue, 
Leh, Ladakh, Jammu and Kashmir, India. 
DOI:10.13140/RG.2.1.2221.3368  
Maniyunda, L.M., and Gwari, M.G. (2014). 
Soil suitability assessment of Haplustalfs 
for maize and groundnut in sub-humid 
environment of Nigeria. International 
Journal of Development and Sustainability. 
ISSN: 2168-8662 – www.isdsnet.com/ijds. 
Volume 3 Number 2: Pages 393-403.
Manyong, V.M.; Dixon, A.G.O.; Makinde, 
K.O.; Bokanga, M. and Whyte, J. (2000). 
The contribution of IITA-improved cassava 
to food security in sub-Saharan Africa: An 
impact study. International Institute for 
Tropical Agriculture. IITA, Ibadan, Nigeria. 
ISBN 978 131 187 8, Printed in Nigeria by 
IITA and Modern Design & Associates Ltd. 
Meng Q., Liu Z. and Borders B. E. (2013). 
Assessment of regression kriging for spatial 
interpolation – comparisons of seven GIS 
interpolation methods. Cartography and 
Geographic Information Science, 40:1, 28-
39.
Mustafa AA, Man S, Sahoo RN, Nayan A, 
Manoj K, Sarangi A, Mishra AK. (2011). 
Land suitability analysis for different 
crops. A multi criteria decision making 
approach using remote sensing and GIS. 
Indian Agricultural Research Institute, New 
Delhi-110 012. 
National Bureau of Statistics, Nigeria. 
(2011). Annual Report of Statistics, Federal 
Republic of Nigeria.
Olaniyan, J. O. (2001). Effect of twelve 
year continuous cultivation on selected 
taxonomic properties of a mapping unit in 
the Southern Guinea Savanna. Bioscience 
Research Communications.13:549-554. 
Olubanjo O. O. 2019. Climate Variation 
Assessment Based on Rainfall and 
Temperature in Ilorin, Kwara State, Nigeria. 
Applied Research Journal of Environmental 
Engineering. Vol 2(1), pp. 1-18.
Oniya O.O., Opadijo O.O., Odedare K.O., 
171                       West African Journal of Applied Ecology, vol. 28(1), 2020
Oduyemi A.T. (2013). Soil Suitability 
Analysis for Cultivation of Cassava in 
Ibarapa Central LGA, A GIS Approach. 
Proceeding EFITA WCCA CIGR 2013 
- Sustainable Agriculture through ICT 
Innovation.
Oshunsanya, S.O. and Nwosu, N. J. (2018). 
Soil-Water-Crop Relationship: A Case 
Study of Cassava In the Tropics, Cassava, 
Viduranga Waisundara (ed.), IntechOpen, 
DOI: 10.5772/intechopen.71968.
Parkes E.Y., Allotey D. F. K., Lotsu E. and 
Akuffo E. A. (2012). Yield performance 
of five cassava genotypes under different 
fertilizer rates. International Journal of 
Agricultural Sciences ISSN: 2167-0447 Vol. 
2 (5), pp. 173-177.
Partnership Initiatives in the Niger Delta 
(PIND). (2011). A report on cassava value 
chain analysis in Niger Delta of Nigeria. 
91p. https://pindfoundation.org/cassava-
value-chain-analysis/
Peech, M. E. 1965. Hydrogen ion activity. 
In: Black, C. A., Evans D. D., White, J. L., 
Ensminger, L. E. and Clark, F. E. (editors). 
Methods of Soil Analysis. vol. 2. Chemical 
and Microbiological Properties. Madison: 
America. Society of Agronomy., 914-926.
Rhodes, J.D. (1982). Cation Exchange 
Capacity. In: A.L. Page (ed.) Methods 
of Soil Analysis. Part 2: Chemical and 
Microbiological Properties (2nd ed.) 
Agronomy 9:149-157.   
Sajid, A.H., R.P. Rudra and G. Parkin. 
(2013). Systematic evaluation of Kriging 
and Inverse Distance Weighting Methods 
for spatial analysis of soil bulk density. 
Canadian Biosystems Engineering/Le génie 
des biosystèmes au Canada 55:1.1-1.13.
Silayo, V.C.K.; Balegu W.R.; Mpagalile 
J.J. and Lwasai H.S. (2007). Participatory 
evaluation and improvement of cassava 
and sweet potato processing machines for 
Eastern zone of Tanzania. Proceedings of the 
13th ISTRC Symposium, Arusha, Tanzania, 
672-681pp.
Tobler, W.R.  (1970). A computer model 
simulation of urban growth in the Detroit 
region.  Economic Geography, 46 (2): 234 
– 240.
Tovihoudji, G.P., Djogbenou, C.P., 
Akponikpe, P.B.I., Kpadonou, E., 
Agbangba, C.E., and Dagbenonbakin, 
D.G. (2015). The response of Jute Mallow 
(Corchorus olitorius L.) to organic manure 
and inorganic fertilizer on a ferruginous soil 
in North-eastern Benin. J. Appl. Biosci. 92 
(1), 8610–8619.
Troeh, R. F. and Donahue, L. R. (2003). 
Dictionary of agriculture and environmental 
sciences. Iowa State Press - Blackwell 
Science Company, 283p. 
United Nations Development Programme 




Walkely, A. and Black, I.A. (1934). An 
examination of the method for determining 
soil organic matter and a proposed 
modification of the chromic acid titration 
method Soil Science, 37: 29-38.
Yang C.H., Kao S.P., Lee F.B. and Hung 
P.S. (2004). Twelve different interpolation 
methods: a case study of SURFER 8.0. 
ISPRS; 778–783
Ajala et al:   Soil suitability evaluation for Cassava production in Kwara State, Nigeria                                          172
